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REQUIREMENTS (SUBJECTS THAT ARE ASSUMED TO BE KNOWN)

Fundamentos de Ingeniería Eléctrica
Líneas eléctricas y aparamenta
Circuitos Magnéticos y Transformadores

OBJECTIVES

-Understanding essential properties of electrical insulating materials.
-Knowledge about degradation mechanisms acting on insulating materials.
-Analysing the interaction between different degradation mechanisms enhancing premature ageing of electrical
equipment.
-Understanding the behaviour of High Voltage (HV) generation and measurement circuits.
-Calculating electrical stresses applied to one insulating material taking into account the knowledge of its design.
-Getting useful information about acceptance and maintenance tests that certify the insulation status of electrical
equipment subjected to High Voltages.

DESCRIPTION OF CONTENTS: PROGRAMME

Theoretical sessions.

1. Introduction.
1.1. High Voltage equipment.
1.2. Electrical, thermal and mechanical stresses applied to electrical equipment.
1.3. Insulation coordination.
1.4   Asset Management.

2. Electrical insulating materials.
2.1. Insulating gases.
2.1.1. Ionization process.
2.1.2. Air.
2.1.3. SF6 and other gases.
2.1.4. Applications
2.1.5. Degradation processes.
2.2. Insulating liquids. Applications and degradation processes.
2.3. Insulating solids.
2.3.1. Breakdown at insulating solids.
2.3.2. Applications.
2.3.3. Degradation mechanisms.
2.3.4. Partial discharges (PD) and tg delta. Equivalent circuit.

3. Devices for insulation tests.
3.1. High voltage generation circuits: AC, DC and impulse tests.
3.2. HV measurement circuits.

4. Insulation systems design.
4.1. Electrical stresses analysis in simple geometries.
4.2. Dielectric strength in common materials.
4.3. Oil-paper impregnation process. VPI treatment for rotating machines.
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5. Degradation mechanisms in electrical equipment.
5.1.  General issues.
5.2. Insulated power cables.
5.3.  Insulators and bushings
5.4. Aerial conductors.
5.5.  Switchgears.
5.6. Power transformers.
5.7. Rotating machines.

6. Maintenance tests for insulation status evaluation.
6.1. Insulation resistance measurement. Polarization index. Applications to different equipment.
6.2.  AC and DC withstanding voltages.
6.3. Lightning and switching impulses tests. Surge tests.
6.4. Capacitance and tg delta measurement. Applications to different equipment.
6.5. PD measurements. Applications to different equipment.
6.6. Specific evaluation methods for transformers.
6.7. Specific evaluation methods for generators.
6.8.  Fault location in power cables.

Practical sessions:

1.- Introduction to the HV laboratory and safety rules. Impulse tests.
2.- Insulation resistance measurements in power transformer and surge tests measurements in one
rotating machine.
3.- Capacitance and tg delta measurements.
4.- PD tests. Surface and volumetric resistance measurements.

LEARNING ACTIVITIES AND METHODOLOGY

- Learning in big groups (theoretical approach), learning in small groups (solving doubts), individual meetings to solve
doubts (ask for them by email), individual student work. Theoretical knowledge (3 ECTS).
- Laboratory learning (4 sessions), learning in small groups (solving practical problems), individual meetings to solve
problems (ask for them by email), individual student work. Practical knowledge (3 ECTS).

ASSESSMENT SYSTEM

Laboratory qualification:
Attendance to laboratory session is mandatory to pass the subject in 1st examination (May). The qualification will
consider the solution to questions in the script after session and behavior and respect for safety rules (15%).

In 2nd examination (June), students who didn`t attend to laboratory sessions will have to make one laboratory
examination where ANY MISTAKE will mean SUBJECT FAILED.

1st examination (May):
40% will be one final examination.
45% will be a continuous evaluation made at small groups. Each small group professor will explain his evaluation
criteria, but there will be, at least, 3 exercises along the course.
In addition to this, depending on the number of the students in the subject, professor could qualify one voluntary report
to do individually or in groups. This report could, as a maximum, increase the continuous evaluation mark in 30%.
15% will be the practical mark.

It is possible to pass the subject without doing the final examination. In order to achieve this, the student must have a
continuous evaluation (85%) and practical (15%) mark above 6/10.

2nd examination (June):
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If the student followed the small group evaluation, the final examination will be the same as in 1st examination (May). If
not, the examination will have a maximum value of 100%, but the practical mark should be above 5/10.

In order to pass the subject (1st or 2nd examination), students must reach one overall qualification of 5 points in a
maximum of 10 points.

% end-of-term-examination: 40

% of continuous assessment (assigments, laboratory, practicals…): 60
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